Oxidative damage resulting from increased lipid peroxidation (LPO) is considered an important factor in the development of late onset/age-related Alzheimer's disease (AD). Deuterium-reinforced polyunsaturated fatty acids (D-PUFAs) are more resistant to the reactive oxygen species-initiated chain reaction of LPO than regular hydrogenated (H-) PUFAs. We investigated the effect of D-PUFA treatment on LPO and cognitive performance in aldehyde dehydrogenase 2 (Aldh2) null mice, an established model of oxidative stress-related cognitive impairment that exhibits AD-like pathologies. Mice were fed a Western-type diet containing either D-or H-PUFAs for 18 weeks. D-PUFA treatment markedly decreased cortex and hippocampus F 2 -isoprostanes by approximately 55% and prostaglandin F 2a by 20-25% as compared to H-PUFA treatment. D-PUFAs consistently improved performance in cognitive/memory tests, essentially resetting performance of the D-PUFA-fed Aldh2 À/À mice to that of wild-type mice fed a typical laboratory diet. D-PUFAs therefore represent a promising new strategy to broadly reduce rates of LPO, and combat cognitive decline in AD.
Introduction
Oxidative damage due to increased oxidative stress is considered an important factor in the pathogenesis of Alzheimer's disease (AD) and other neurodegenerative diseases including retinal diseases, Parkinson's disease (PD), and Huntington's disease. High brain levels of polyunsaturated fatty acids (PUFAs) and transition metals, coupled with high oxygen utilization and modest antioxidant defense, creates an environment especially vulnerable to oxidative damage [1] . Oxidative damage is present in the very early stages of AD [2] suggesting it is a primary driving force in AD pathogenesis [3] [4] [5] .
Reactive oxygen species (ROS)-initiated nonenzymatic lipid peroxidation (LPO) of PUFAs such as linoleic (LA), linolenic (ALA), arachidonic (ARA), eicosapentaenoic (EPA), and docosahexaenoic (DHA) acids is the major contributor to oxidative damage, resulting in altered membrane fluidity and changes in membrane-bound enzymes and receptors [6] . LPO of PUFAs by ROS is initiated by abstraction of bisallylic hydrogens, generating resonance-stabilized free radicals which subsequently react with molecular oxygen to form lipid peroxyls. These newly formed species abstract a hydrogen atom off an adjacent PUFA molecule thus propagating the chain reaction. Propagation is eventually terminated by a chain-terminating antioxidant such as vitamin E or by homologous recombination. LPO results in the formation of two broad categories of secondary byproducts derived through either endoperoxide or hydroperoxide intermediates. Examples of the former are F 2 -isoprostanes (F 2 -IsoPs) derived from ARA, EPA-derived F 3 isoprostanes, and F 4 -neuroprostanes (F 4 -NeuroPs) derived from DHA. The chemical stability of these metabolites has led to their use as reliable biomarkers for monitoring LPO. Decomposition of hydroperoxide intermediates gives rise to a number of reactive aldehydes such as malondialdehyde, acrolein, 4-hydroxy-2-nonenal (HNE), 4-hydroxy-2-hexenal (HHE), and many others [7] [8] [9] .
Despite epidemiological studies indicating that antioxidants reduce AD risk, prospective clinical trials of antioxidants for the treatment or prevention of AD have been disappointing [5, [10] [11] [12] . With respect to the prevention of LPO-induced oxidative damage, chainterminating antioxidants such as vitamin E are limited in their effectiveness by the low ratio of vitamin E in membranes relative to PUFA content (vitamin E/ PUFA = 1/2000) [13] . Another strategy to limit LPO is to decrease the rate-limiting initiation step of PUFA autoxidation: abstraction of bis-allylic hydrogen atoms. This has been accomplished by substitution of hydrogen with deuterium ( Fig. 1) at bis-allylic sites of PUFAs [14] [15] [16] [17] . This substitution (D-PUFA versus H-PUFA) exhibits an isotope effect [18] with respect to the ease of abstraction at the bis-allylic site, resulting in a decrease in the rate of PUFA peroxidation. This strategy has been used to demonstrate partial protection of the nigrostriatal dopaminergic pathway in the MPTP mouse model of Parkinson's disease [19] , and to improve cholesterol handling and reduce atherosclerosis development in a hyperlipidemic mouse model of atherosclerosis [20] .
We have developed an oxidative stress-based mouse model of age-related cognitive impairment with AD-like biochemical and structural pathologies, based on gene deletion of aldehyde dehydrogenase 2 (ALDH2) [21] . This enzyme is important for the detoxification of LPOderived aldehydes and reactive carbonyls [13, 22, 23] and both free HNE and HNE protein adducts accumulate in the brains of AD patients [24] [25] [26] [27] [28] [29] , and are associated with AD pathogenesis and altered amyloid-b disposition. These mice exhibit increases in HNE protein adducts, and deficits in both working and spatial memory as assessed by the novel object recognition (NOR), Y-maze, and Morris Water Maze (MWM) tasks [21] , and also exhibit anxiety-like behaviors [30] .
In the current study, we evaluated whether a diet enriched in D-PUFAs decreases LPO, thus providing protection against the cognitive impairment present in our mouse model of oxidative stress. We used the deuterated versions of the essential fatty acids LA and ALA, since they are also converted in situ to other PUFAs such as ARA and DHA (Fig. 1) , thus allowing deuterium incorporation into a broad range of membrane lipids. The Aldh2 À/À mouse is an excellent model with which to assess the effects of a D-PUFA-enriched diet, since the basis of the model is increased lipid peroxidative damage because of the inability to catabolize toxic reactive carbonyl compounds that are derived from PUFAs.
Results

D-PUFAs efficiently incorporate into tissues
Aldh2
À/À mice were treated with diets containing either deuterium-reinforced D-PUFAs or control H-PUFAs (see Table 1 for composition of the diets). At the end of the study, 18 weeks after Western-type diet feeding, efficient D-PUFA incorporation was confirmed by measuring deuterium content in brain sections of the mice. The difference between the D-PUFA (33 342 AE 3223&) and the H-PUFA (À140.7 AE 12.5&; P < 0.001) groups corresponds to an approximate 35% D-PUFA incorporation (i.e., D-PUFA fraction of total PUFA) [20, 31] . This level of D-PUFA substitution is biologically relevant as approximately 10-20% is sufficient to terminate LPO [16] .
D-PUFAs reduce lipid peroxidation products
Since oxidative stress is considered an important factor in the development of AD, and since D-PUFAs have been shown to reduce LPO products in other models [14] [15] [16] [17] 19, 20 Fig. 3A ). Differences in escape latencies became more marked after 10 or 18 weeks on the two diets (Fig. 3B,C) , and were significantly different on days 2, 3, 4, and 5 of testing (blocks 5-8). In the probe trial, mice fed the D-PUFA diet spent more time in the target quadrant ( Fig. 3D ) and had a greater number of platform crosses (Fig. 3E ) compared to H-PUFA diet mice after either 2, 10, or 18 weeks on the two diets. We also evaluated changes in task performance over time in animals on each of the diets. For mice on the H-PUFA diet, there were no differences in performance in any of the trial blocks over the 18-week study period. For animals on the D-PUFA diet, the only difference was a decrease in latency time in the first trial block (block 4) after 18 weeks on diet compared to that of mice after either 2 or 10 weeks on diet. In the probe trials, time in the target quadrant and number of platform crosses did not change over time for either of the groups. Thus, memory deficits in mice fed the H-PUFA diet, and task performance in mice fed the D-PUFA diet, remained stable for the duration of the study. Similarly, task performance in wild-type and Aldh2 À/À mice fed a standard diet (LabDiet Ò 5015 Mouse diet) remains stable in animals between 3 and 12 months of age (data not shown). The open field test was used to assess spontaneous locomotor activity during free exploration in a dimly lit environment, and revealed no differences between groups in total time moving (D-PUFA, 161 AE 29 s; H-PUFA, 163 AE 17 s, P > 0.05, Student's t-test for unpaired data) or total distance travelled (D-PUFA, 83 AE 20 m; H-PUFA, 83 AE 18 m, P > 0.05, Student's t-test for unpaired data). Similarly, exploratory behavior, as measured by time spent rearing, revealed no difference between groups (D-PUFA, 33 AE 16 s; H-PUFA, 29 AE 11 s, P > 0.05, Student's t-test for unpaired data). This suggests that there is no difference in pattern of movement or exploratory behavior in an open field, which is perhaps not surprising, since wild-type and Aldh2 À/À mice do not exhibit differences in these parameters [30] . The Light/Dark box test was used to assess aversion to bright illumination as a measure of anxiety-like behavior. Although both groups showed a preference for the dark chamber, in mice fed the D-PUFA diet for 10 weeks there was a significant increase in both time spent in the light side and total number of crosses between the light and dark sides, compared to mice on the H-PUFA diet (Fig. 6 ). The differences observed here between D-PUFA-and H-PUFA-fed mice were similar to those between wild-type and Aldh2
À/À mice of a comparable age [30] .
Discussion
Deuterium-reinforced D-PUFAs are resistant to nonenzymatic LPO and have been shown to reduce oxidative stress in several experimental models [14] [15] [16] [17] 19, 20, 32, 33] . In the present study, we wished to evaluate whether alteration of lipid metabolism by a D-PUFA-enriched diet resulted in improvement of cognitive deficits in our model of oxidative stressinduced cognitive impairment that exhibits AD-like pathological changes. We found that oral administration of the ethyl esters of 11,11-D2-LA and 11,11,14,14-D4-ALA markedly reduced LPO products in Aldh2 À/À mice. This was associated with improved performance in three different memory tasks that assess both working and spatial memory, and also with a reduction in anxiety-like behavior. Our protocol for the MWM, in which a 3-day cued trial is followed by a 5-day hidden platform trial, provides a thorough assessment of spatial reference memory. The lack of differences between D-PUFA and H-PUFA-fed mice during the 3-day cued trial suggests that eyesight, swim speed, basic strategies, and motivation were the same in each treatment group. Also, we did not observe nonspecific behavioral changes such as floating or thygmotaxis in either group. Mice fed the D-PUFA diet performed significantly better in all measures of the hidden platform portion of MWM task after only 2 weeks on diet, with differences becoming more marked after 10 and 18 weeks on diet. In both the Y-maze NOR tasks, 18 weeks (C) after the initiation of the D-PUFA or H-PUFA diet, escape latency (time to reach the hidden platform) was determined in a 3-day cued trial block (four trials per day) followed by a 5-day hidden trial block (six trials per day). Day 9 was a probe trial, in which the time spent in the target quadrant (D) and number of platform crosses (E) were determined (total time of the trial was 60 s). Performance in the MWM task in a separate cohort of wild-type animals was compared to Aldh2 À/À mice fed the D-PUFA diet for 2 weeks (F). In (F), no significant differences were found at any trial block. In (A, B, C, and F), data are expressed as the mean AE SEM of the average scores in each trial block (n = 16 for D-PUFA, n = 15 for H-PUFA, and n = 20 for wild-type). In D and E, data are expressed as the mean AE SD (n = 16 for D-PUFA and n = 15 for H-PUFA). In D, the dotted line represents the expected time that would be spent in any quadrant by chance alone. Data were analyzed by two-way ANOVA and a Bonferroni post-hoc test in (A, B, C, and F) and by Student's t-test for unpaired data in (D, E). *Significant difference from D-PUFA as indicated (*P < 0.05, ***P < 0.001).
Aldh2
À/À mice fed the H-PUFA diet showed progressive decreases in performance compared to progressive increases in performance in mice on the D-PUFA diet.
In the Light/dark box test, mice fed the D-PUFA diet exhibited a reduction in the anxiety-like behavior that is seen in this model (aversion to bright illumination). Thus, reduction of nonenzymatic LPO by D-PUFAs has cognition-restoring properties in Aldh2 À/À mice, and suggests that there are therapeutic opportunities afforded by oral dosing with D-PUFAs for the treatment of neurodegenerative diseases such as AD.
Although wild-type animals fed the D-PUFA or H-PUFA diets were not used in this study, when the performance of mice fed the D-PUFA diet for 2 weeks is compared to that of wild-type animals of a similar age, but fed LabDiet Ò 5015 Mouse diet, no significant differences in escape latency were found at any trial block (Fig. 3F ). Both diets contained 12% fat, but had differing amounts and ratios of linoleic and ALA. Thus, the D-PUFA diet prevented the loss in spacial reference memory performance that would otherwise occur in the Aldh2 Isotope ratio mass spectrometry indicated incorporation of deuterium into brain lipids, to an extent similar to that found in previous studies [31] . This level of incorporation was sufficient to markedly reduce LPO products, as measured by the decrease in esterified F 2 -IsoPs, consistent with previous studies in yeast [16] and mice [20] . F 2 -IsoPs are derived from nonenzymatic oxidation of ARA. ARA can also undergo enzymatic oxidation to yield PGF 2a as well as numerous other products catalyzed by cyclooxygenases and lipoxygenases. Comparison of F 2 -IsoPs and PGF 2a levels in the D-PUFA fed animals shows that there was a substantially greater reduction in nonenzymatic LPO than enzymatic lipid oxidation (Fig. 2) . That D-PUFAs also had an effect on enzymatic oxidation can be explained by the fact that 11,11-D2-LA is efficiently converted to 13,13-D2-ARA [31] . The presence of deuterium at carbon 13 on ARA would be expected to influence both nonenzymatic and enzymatic oxidation since this is the site of action of the cyclooxygenase enzymes. Nonenzymatic oxidation is also influenced by the presence of other D-PUFAs in lipid membranes, slowing down the free radical chain reaction and resulting in a greatly decreased level of F 2 -IsoPs. , and were the measure used in the current study for assessment of non-enzymatic LPO, rather than the more semi-quantitative assessment afforded by immunoblot analysis of carbonyl protein adducts. In the context of AD progression, increased levels of F 2 -IsoPs and F 4 -NeuroPs were found in the frontal, parietal, and occipital lobes of subjects with amnesic mild cognitive impairment (MCI) relative to age-matched normal control subjects [35] . These levels were comparable to those found in subjects with late stage AD, suggesting that LPO of ARA and DHA is an early event that continues throughout the progression of AD. This is consistent with other studies of individuals with MCI, early stage AD, and late stage AD which examined the formation of protein adducts of LPOderived reactive aldehydes such as HNE [6, [27] [28] [29] 36] and HHE [37] . Although much of the literature has focused on the identification and potential role of HNE protein adducts in AD pathogenesis, protein adducts of HHE, an omega-3 oxidation product, have received much less attention [38] . Given that HHE and HNE exhibit similar toxicities in cultured neurons [39] and that DHA, the predominant omega-3 PUFA in many brain regions, is 30-100% more abundant than ARA, the predominant omega-6 PUFA [40,41], raises the possibility that HHE protein adducts could contribute to reactive aldehyde-induced neuronal damage.
Previous experimental studies show that antioxidant strategies [42, 43] protect neurons in AD models, but almost all clinical trials with antioxidants for the treatment or prevention of AD have been consistently negative ( [5, [10] [11] [12] , but see [44] and related Editorial). This does not necessarily refute the importance of oxidative stress and LPO in the pathogenesis of AD, or the clinical potential of D-PUFA treatment, since studies claiming the ineffectiveness of antioxidant interventions suffer from variations in treatment regimens and trial duration, lack of therapeutic drug monitoring, lack of monitoring oxidative stress reduction caused by drug treatment, and choice and dosage of antioxidants [5] . For example, under some conditions the lipophilic chain-terminating antioxidant, Vitamin E, can also act as a pro-oxidant, thus serving to increase LPO [45] . Also unresolved is the issue of the relative importance of enzymatic versus nonenzymatic, as well as two-electron versus one-electron processes in LPO [13] . Based on data presented here and in other studies [19, 20] , we propose that specific inhibition of nonenzymatic LPO by D-PUFAs may prove beneficial in a number of disease states involving LPO-induced damage, and that this mechanism for LPO reduction is likely superior to general antioxidant inhibition or enzymatic inhibition of LPO. It is noteworthy that DPUFAs are not antioxidants per se: they do not quench ROS, nor do they affect cellular redox status or the antioxidant-ROS ratio, thus allowing normal ROS-mediated signaling pathways to remain intact.
The relevance and importance of ALDH2 to antioxidant defense is suggested by a number of studies in which inhibition or lack of ALDH2 increases the vulnerability to HNE-and reactive aldehyde-induced damage [46] [47] [48] , whereas increased expression or activation of ALDH2 confers protective effects [47] [48] [49] [50] [51] [52] . ALDH2 is expressed in numerous brain regions [22] and its expression/activity is increased in the temporal cortex and putamen in AD brains [53] and also in the putamen in PD brains [54] , suggesting a protective response to AD-and PD-associated increases in LPO. In addition, some epidemiological studies have reported an increased risk for AD in individuals possessing the Glu504Lys loss of function mutation of ALDH2 [55, 56] . The Glu504Lys ALDH2 polymorphism is also associated with an increased incidence of certain cancers [57] , with an increased risk for developing schizophrenia [58] , and for developing PD in some studies [59, 60] but not others [61] . Interestingly, increased striatal concentrations of the toxic dopamine metabolite, 3,4-dihydroxyphenylacetaldehyde are seen in Aldh1A1/Aldh2 double knockout mice [62] . These mice exhibit age-related impairments in motor performance, and have been suggested as an animal model of PD, which is also associated with increased LPO and HNE protein adduct formation [63] . The above considerations provided the rationale for the development of Aldh2 À/À mice as an alternative and complementary model to the numerous transgenic mouse models of AD that are dependent on overexpression of mutant human genes linked to early onset familial AD. Indeed, in a recent study [64] of NMZ (4-methyl-5-(2-(nitrooxy)ethyl)thiazol-3-ium chloride), a neuroprotective agent that targets synaptic failure by a combination of 4-aminobutyrate-mimetic activity and increased NO/cGMP/CREB signaling, memory was improved in Aldh2 À/À mice as well as in APP/PS1 and 3xTg transgenic mice. The Aldh2 À/À mice are characterized by age-related decreases in the performance of several hippocampus-dependent memory tasks, together with a number of AD-like pathological changes, including increases in amyloid b (Ab), phosphorylated tau protein, defective CREB signaling, synaptic loss, and several vascular pathologies [21] . Because of the variety of biochemical changes exhibited by Aldh2 À/À mice, and a lack of certainty as to the relative importance of these changes in mediating the observed cognitive deficits, we chose to use the changes in the behavioral responses as our index of efficacy of the D-PUFA-enriched diet. Of relevance to the improved cognitive performance exhibited by DPUFAs is a recent study using quench-assisted MRI which demonstrated increased free radical production (and by extension increased LPO) in the dorsal CA1 region of the hippocampus of Aldh2 À/À mice relative to wild-type mice [65] . In rodents, this hippocampal subfield is associated with the encoding of spatial memory (which can be assessed by behavioral tests such as the MWM task), and is therefore consistent with the idea of a role for LPO in the impaired spatial reference memory exhibited by Aldh2 À/À mice, and further, its amelioration by D-PUFA treatment.
A limitation of the current study stems from a relatively small number of mice studied. Due to limitations in the amount of available brain tissue, this precluded the analysis of F 3-IsoPs and F 4 -NeuroPs, more relevant proxies for monitoring the omega-3 damage than F 2 -IsoPs and PGF 2a . Given a potentially greater role for omega-3 derived LPO products in neuronal diseases than the corresponding omega-6 LPO products [38], we are currently planning a larger study to address this issue, as well as various PK/PD studies, studies using either 11,11-D 2 -LA or 11,11,14,14-D4-ALA alone or in different ratios, and studies using other D-PUFAs such as D-ARA, D-EPA, and D-DHA. We also plan to use in vivo quench-assisted MRI [65] 
Materials and methods
Animal model and diet
All procedures for animal experimentation were undertaken in accordance with the principles and guidelines of the Canadian Council on Animal Care and were approved by the Queen's University Animal Care Committee. Animals were maintained under a 12 h light/dark cycle, with free access to food and water. The Aldh2 À/À mouse colony was generated as described [21] . The cohort of Aldh2 À/À mice used in the study was generated by mating heterozygotes, and the progeny genotyped by PCR analysis of genomic DNA extracted from ear punches using the primers as reported [66] . Mice were fed Mouse Diet AIN 93M (Research Diets, New Brunswick, NJ, USA), containing defined saturated and monounsaturated fatty acids ( Table 1 ). The PUFA component of the diet was 1.2 g (1.2%) LA and ALA per 100 g diet in a 1 : 1 ratio. The experimental diet contained 11,11-D 2 LA ethyl ester and 11,11,14,14-D 4 a-ALA ethyl ester [14] (Fig. 1) , whereas the control diet had the same ratios of nondeuterated H-PUFA. The total combined fat composition of the diet was 12.0% (saturates, monounsaturates, and PUFAs). The control and experimental diet were supplied by Retrotope Inc. Male and female Aldh2 À/À mice were fed either D-or H-PUFA-supplemented diet for 18 weeks, beginning at 2 months of age. Behavioral testing using the NOR task, spontaneous alternation in the Y-maze, and MWM task were performed after the animals had been on the D-or H-PUFA diet for 2, 10, or 18 weeks. The open field test and light/dark box tests were performed once, after animals had been on the diet for 10 weeks. At the end of the study, samples of cortex and hippocampus were obtained for determination of deuterium incorporation and for assessment of PGF2 a and esterified F 2 -IsoP.
Deuterium incorporation
At the end of the study, mice were anaesthetised with isoflurane and the brain perfused with ice-cold PBS by transcardiac perfusion. The brain was removed and frozen in liquid nitrogen until analysis. Deuterium incorporation was determined in the brain as described previously [19, 20] . In short, samples of cortex and hippocampi were sonicated and aliquots of tissue samples were lyophilized for deuterium evaluation using isotope ratio mass spectrometry (ir-MS). Samples were placed into silver capsules using CCl 4 to avoid contamination by hydrogen. Subsequently, samples were loaded into a Costech Zero Blank Auto-sampler connected to a Thermo/Finnigan thermochemical elemental analyzer (Thermo Fisher, Bremen, Germany) and analyzed in triplicate as described. Each run was standardized through the use of at least two standards of different isotopic values. Data are presented as delta D/H (in permille, &), where delta D/H = (R sample /R standard ) 9 1000; with R being the ratio between the abundances of deuterium and hydrogen (R = D/H).
Lipid peroxidation products
The LPO markers (esterified) F 2 -IsoPs and PGF 2a were determined in cortex and hippocampus at the Eicosanoid Core Laboratory at Vanderbilt University Medical Center. Samples were pretreated and analyzed for (esterified) F 2 -IsoPs and PGF 2a using GC/negative ion chemical ionization MS as described in detail previously [67] [68] [69] .
Behavioral analyses
Open-field NOR task, the Y-maze task and the MWM task were performed as described [21] . The NOR task consisted of three consecutive days of testing per trial; habituation, training with two identical objects, and testing with one familiar and one novel object. On the testing day, animals were allowed to explore the objects until they accumulated 30 s of total object exploration time. Two measures of behavior were assessed: frequency of visits to the objects, and the time spent exploring each object. From the latter measure the discrimination index (difference in time exploring the novel and familiar object, divided by total exploration time) and the ratio of time spent with the novel object in relation to the familiar object were calculated. For the Y-maze task, mice were placed in the center of the maze and allowed to explore the three maze arms freely for 10 min. The maze was surrounded by distinct spatial cues so that the mice could distinguish between arms. The spontaneous alternation rate was calculated as the total triads containing entries into each of the three arms without repeated entry into a previously visited arm, divided by the total number of arm entries.
For the MWM task, the maze consisted of a circular pool (1.2 m in diameter) filled with water (approximately 23°C) made opaque by nontoxic white paint. A circular platform (15 cm in diameter) was submerged approximately 1 cm below the surface in the northeast quadrant of the maze. The escape latency (time to reach the hidden platform) was determined in a 3-day cued trial block (four trials per day) followed by a 5-day hidden trial block (six trials per day) [70] . For cued platform training, a blackand-white striped pole (2.2 cm diameter and 15 cm height) was attached to the center of the platform. Each mouse was allowed 60 s to locate the platform per trial. Mice that could not find the platform within 60 s were gently guided toward it. Day 9 was a 60-s probe trial, in which the time spent in each quadrant and number of platform crosses were recorded.
The open field test was used to assess spontaneous locomotor activity during free exploration, and was performed as described previously [71] . The open field test was conducted using a square Plexiglass Ò open field apparatus (45 cm 9 45 cm 9 25 cm). Each mouse was placed individually in the centre and allowed to explore freely for 5 min. The test was performed under dim light conditions and minimal background noise. Spontaneous locomotion was assessed by a grid of infrared beams using a software data acquisition system (TSE Actimot, Scientific Products and Equipment, Concord, ON, Canada). The total time spent moving, total distance travelled, and time spent rearing were recorded. The Light/Dark box test was used to assess aversion to bright illumination as a measure of anxiety-like behavior. The opaque plastic arena (50 cm 9 25 cm 9 18 cm) was arranged as described [72] . It was divided unequally such that two-thirds of the space was considered the 'light' side and one-third was the 'dark' side. The compartments were divided by an opaque barrier with a hole (6 cm 9 6 cm) along the bottom to allow free movement between sides. The dark side was enclosed by opaque plastic sheets to block light and the light side was illuminated by a 60W bulb suspended 20 cm above the arena. Animals were placed in the dark side and allowed to explore freely for 6 min. An entry was considered when the centre of mass of the animal crossed the division between sides. The latency to enter the light side and total time spent in the light and dark sides were recorded.
